In this paper we summarize the status of Top Quark Physics and of searches for the Standard Model Higgs at the Tevatron. Results from both the CDF and D0 experiments are discussed and the prospects for the upcoming Run 2, in the year 2000, are outlined. Much work has been performed on these topics and due to the nature of these proceedings only a brief explanation can be o ered here. For more details the reader should turn to the excellent sources listed in the reference section.
1 Top Quark Physics
Introduction
The announcement of the discovery of the top quark was made in March 1995 1;2 . Since then the two Tevatron experiments, CDF and D0, have analyzed all their data taken during the 1992-1996 \Run 1" period and have been upgrading their detectors to match the high-luminosity running conditions that the Tevatron collider will provide during \Run 2". The results presented here come from datasets corresponding to a total integrated luminosity of about 110 pb ?1 for CDF and about 125 pb ?1 for D0.
At the Tevatron top quarks are produced mainly in pairs, viaanihilation 3 , with a cross section of about 5 pb. Therefore only about 600 t t pairs, per experiment, were created during the entire Run 1. When geometrical acceptances and detection e ciencies are folded in, the datasets available for studies are rather small. Nonetheless, as it will be shown here, signi cant information has been extracted about the identity and behaviour of this newest quark.
During Run 2 the luminosity is expected to increase by about a factor of twenty, to 2 fb ?1 , and the Tevatron center-of-mass energy is expected to reach 2 TeV. We expect to collect datasets that are about thirty times larger than those in Run 1 which will help improve signi cantly our knowledge about the top quark 4 .
In the Standard Model (SM) the top quark decays e ectively 100% of the time to a W boson and a b quark. The top decay width is approx. 1.5 Gev (at M top 175 GeV) and the corresponding lifetime is 4 10 ?25 sec. In this short time there is no hadronization and the top quark decays as a free quark. No hadronic states with top can be formed and there is no toponium spectroscopy to be studied. The signatures for t t pair production depend exclusively on the decays of the two W bosons from each of the t ! W; b decays. The channels are classi ed according to the number of leptons appearing in the nal state. Excluding nal states with tau leptons, which are more di cult to detect, the \dilepton" channel (t t !` b` b) has a branching fraction of 5%, the \lepton+jets" channel (t t !b` b) of 30% and the \all-jets" channel (t t !bq 0 q 0 b) of 40%. Signi cant excess of events has been observed in all these channels and the results reported below come from the analyses of these channels.
Measurements
Event selection
The large mass of the top quark allows for an event selection biased towards high transverse energy, or momentum, objects. This helps reduce backgrounds signi cantly 5;6;7;8 . For leptons, jets, and missing transverse energy ( = E t ) the requirement is E T (P T ) > 20 GeV approx. These objects are also required to be isolated from other objects in the event and in the central region of the detector with pseudorapidity j j < 2 approx. Also due to the large M top , global event kinematical variables are useful in separating signal from backgrounds. The aplanarity and sphericity of the event and the sum of transverse energies of all objects have been used for this purpose. Neural nets are also useful in separating further the top signal from backgrounds.
A key feature of t t events is the production of two b quarks and the ability to tag these objects has proven essential in top quark physics. The tagging of long-lived heavy avor quarks can be performed by means of secondary vertex detectors which can be 50% e cient in nding at least one tag in a t t event (CDF) and by nding the softer leptons in semi-leptonic b decays with 20% e ciency (D0 and CDF). The secondary vertex method works best because of the relatively low fake rate.
In the dilepton channel (including taus), after the selection cuts CDF (D0) nds 13 (9) events, with a signal purity of 66% ( 90%). The dominant backgrounds come from Drell-Yan, Z ! , W W and fake lepton processes 9;10 .
In the lepton+jets channels CDF (D0) nds 74 (30) events with a purity of 57% ( 63%). The dominant backgrounds are W +jets production and QCD multi-jet processes 11;12 . The all-jets channel is dominated by QCD multi-jet productions and b-tagging is essential, CDF (D0) nds 344 (41) events with a purity of about 24% ( 39%) 13 . It is with these relatively small samples of events that the measurements described below are performed. In the lepton+jets channel the experiments have been able to reconstruct the invariant mass of the hadronic W decay and the Jacobian peak for the leptonic W decay. Additionally the kinematical distributions for all examined variables, including the invariant mass of the t t system (which could reveal a resonant production) match very well those expected from SM t t production.
Production cross section
The t t production cross section has been measured separately in the channels described above and all channels yield consistent results. A nal result is obtained by combining the individual channel cross sections. CDF measures 7:6 +1:8 1:5 pb ?1 and D0 5:9 1:7 pb ?1 14;7 . The uncertainty is of the order of 25%. The theoretical predictions range between 4.7 and 5.5 pb ?1 depending on assumptions about gluon resumation. In Run 2 the experimental uncertainty is expected to go down to less than 10%.
From the ratios of observed number of events in the di erent channels CDF has extracted a measurement of the branching fractions for top to decay leptonically: BR(t ! eX; ort ! X) = 0:094 0:024
Top Quark mass
In the lepton+jets channel, events with four or more jets are selected and all objects are measured precisely 15;5 . The jet energies are corrected to what, on average, parton energies would have been. A 2C kinematic t is performed for each combinatorial assignment of objects to the t t system. The b-tagging helps reduced the combinatorics. For each event, the solution with the best 2 is chosen and the reconstructed mass distribution is compared to a Monte-Carlo mix of t t events at a given top mass and background. The top mass that results in the best t is chosen as the central value and the statistical uncertainty is taken as the range in which the 2 changes by 0:5 (see Fig. 1.2) . In the all-jets channel the kinematics are also over-constrained and a 3C-t is performed using the same technique as in the lepton+jets channel 13 . CDF measures 186:0 10:0(stat:) 5:7(syst). For the dilepton events, the 
Measurement of the W helicity in top decays
The helicity of the W boson in top decays carries information on the W ?t?b coupling. In the Standard Model a large fraction of top decays are expected to produce a W with helicity=0. CDF uses the lepton P T distributions in the lab frame to measure the W-helicity distribution in the top rest frame. The P T of left-handed W bosons is expected to be softer than that of zerohelicity W 0 s. The t of these two distributions to the data results in F o = 0:97 0:37(stat:) 0:12(syst:), consistent with the theoretical expectation of F o = (70:6 1:6)%.
Searches
Single top production
The production of single top at the Tevatron is expected to occur via W g-fusion and via W with cross sections of about 1.7 and 0.7 pb, respectively. these processes su er from copious backgrounds from W + 2 ? jet QCD production.
CDF has used the secondary vertex tagger to reduce the backgrounds and has performed ts to kinematical distributions that reconstruct the single top mass and include the rapidity distribution of jets in order to set limits to the single top production cross section. The obtained limits are: (W g) < 15:4 pb at 95% c:l: and (W ) < 15:8 pb at 95% c:l:. These limits are still a factor of 10-20 above the theoretical expectations and will improve considerably in Run 2, perhaps to the point of actually observing this process.
Rare top decays CDF has looked for the rare FCNC decays t ! q and t ! Zq, with q = u; c. Only one event is observed in each channel, consistent with the expected backgrounds. The corresponding 95% c.l. limits on the branching fractions are 17 : BR(t ! q) < 3:2% and BR(t ! Zq) < 33%. process, which has the largest cross section, is very di cult to detect because of copious backgrounds, so searches have focused on the later processes (associated production") with high P T leptons to help reduce the background. 
Conclusions
The Tevatron at Fermilab, for the next several years, remains the frontier of high energy physics. In Run 2, and beyond, with the upgraded CDF and D0 detectors and the improved accelerator complex, it has the capability of producing very important and exciting physics. The top quark will be studied with much more precision and a window of opportunity exists, before the LHC takes over the energy frontier, where the the Higgs boson could be found if enough luminosity is gathered. to Scott Snyder, John Conway, Rob Roser and Weiming Yao for their help in providing materials for the presentation.
